I
n their article, Professors Dittman and Hesford present a simulation-based optimization approach for investment decisions. The case they look atdeciding on the number of rooms to convert to allergy free-is interesting and relevant, and their methodology is sound. I firmly believe in the usefulness of simulation as a modeling tool, as I have written previously (Thompson and Verma 2003) . In this note, I would like to present a simpler approach to the problem, which, though lacking the richness of simulation, is more amenable to a "back of the envelope" calculation. As I will show, it yields the identical decisions in this setting.
The approach I illustrate here is to model the decisions of price and room quantity as variants on the classic "newsvendor" inventory problem from the field of operations management. I will first examine the decision of the room price; once the price is set, I will consider the ideal number of rooms to convert.
In the newsvendor problem, which is also known as a "single period inventory model," a newsvendor is faced with the task of ordering newspapers. Newspapers unsold at the end of the day have limited value. The assumption is that the newsvendor cannot
CQ CASES TACKLING THE INVESTMENT DECISION AS A "NEWSVENDOR PROBLEM"
restock newspapers during the day and so must make the best decision to maximize revenue, given demand uncertainty. An additional newspaper should be ordered as long as the expected marginal profit from selling that newspaper exceeds the expected marginal cost of not selling it. Formally, Order paper j as long as
where p = the probability that paper j will be sold at full price, MP = marginal profit of selling paper j at full price, = VFR -VC (where VFR = variable full revenue, per item and VC = variable cost, per item), and MC = marginal cost of not selling paper j at the full price, = VC -VSR (where VSR = variable salvage revenue, per item, and VC is as defined above).
Simplifying equation (1) yields a decision rule for ordering paper j based on the probability that it sells at full price:
In the newsvendor inventory-management problem, equation (2) is also known as a critical fractile. In the setting described by Dittman and Hesford, one must modify equation (2) to address the issue of occupancy. The probability that an item-in this case an allergyfree room-sells at full price can be thought of as the product of the probability that the room sells at full price, assuming full occupancy times the occupancy proportion. Defining o as the occupancy proportion and p′ as the probability that an item sells (assuming full occupancy), we get
which can be rewritten as
The effect of considering occupancy, then, is to raise the critical fractile. Examining first the room-pricing decision, one can construct a table of critical fractiles, as shown in Exhibit 1. Values in Exhibit 1 are interpreted as follows. Considering a pricing premium of $5 per room, for example, a room would only be converted if the probability that it could be sold at that price was higher than .75. From the survey reported by Dittman and Hesford (in their Exhibit 2), only 59 percent of customers would be willing to pay a $5 (or more) premium. Of the different possible price premiums, only $10 meets the criterion of customer willingness to pay exceeding the critical fractile; the best decision, then, is to price the allergy-free rooms at a $10 premium.
Having determined the price to charge, one can then examine the decision of the number of rooms to convert. In conducting this analysis, I will look for the number of rooms to convert, such that the probability of the last-converted room being sold exceeds the appropriate critical fractile. To perform this analysis, use the data in Exhibit 4 from Dittman and Hesford's article to calculate the values shown here in Exhibit 2.
Since the data in Exhibit 2 include the times when the property is not occupied, we need to calculate a critical fractile that does not include the effect of occupancy. For the $10 room premium, the occupancy-free critical fractile, p, is given by p > 2.77/(7.23 + 2.77) = 0.277. As such, the ideal number of rooms to convert is given by the largest number of rooms for which probability of needing that number of rooms exceeds 0.277. This is 54.15 rooms, which we round to 54 rooms-the same solution yielded by the simulation optimization performed by Dittman and Hesford.
Limitations of the Newsvendor Approach
Applying a newsvendor approach has three limitations relative to using simulation.
First, while the newsvendor approach considers variability, it yields a single (marginal) profitability value. It cannot, as does simulation, provide information on the variability that one might expect in the profitability a. j = 150 rooms × .38 (= proportion of customers willing to pay the $10 price premium) × daily occupancy/100. associated with different solutions. Second, it is more difficult to incorporate the time value of money. For short-horizon decisions, such as the one examined here, the effects of the time-value of money are less pronounced, however. A third limitation is that one needs to perform additional calculations to determine the total expected payoff of the recommended solution, in contrast to simulation optimization approach, which yielded such information directly. The reason for this difference is that a newsvendor problem bases a decision on marginal values, while the simulation optimization based a decision on total profitability. Nonetheless, the expected value of a decision can be calculated as follows:
Sum, across hotel occupancies, the occupancy probability × [MP × smaller of (demand for converted rooms, rooms converted) -MC × maximum of (rooms converted -demand for converted rooms, 0)], where demand for converted rooms = total rooms × occupancy proportion × room conversion rate, room conversion rate is given by the probability that customers are willing to pay the specified premium or higher for the converted room, and MR and MC are as defined earlier.
Applying this calculation to the $10 price premium and 54 converted rooms yields a total expected value of $264.40 per night, or $193,013 over the two-year decision horizon. This value is within 0.6 percent of the value yielded by the simulation optimization performed by Dittman and Hesford.
Additional Considerations When Using the Newsvendor Approach
There are two special considerations when using a newsvendor model for investment decisions. The first is how to handle a situation where more than one price premium had a valid critical fractile (recall that in this case, only the $10 price premium had a critical fractile that was met). In a situation with multiple valid premiums, one would determine the best number of rooms to convert at each of the valid premiums and then select the overall choice based on which combination of price premium and rooms converted had the greatest overall expected value (calculated as described above).
A second consideration is how to handle situations where none of the price premiums had a valid critical fractile. In this case, the best decision is to convert no rooms.
Conclusions
A newsvendor model-a classic inventory model from the field of operations management-offers a simpler approach to investment decisions than the simulation optimization approach presented by Dittman and Hesford. While the simulation optimization yields information that cannot be derived from the newsvendor approach, applying two related newsvendor modelsthe first to set the price premium for the converted rooms and the second to set the number of rooms to be converted-yielded the same answers as the simulation optimization. While this may not always be true, it is always good to tailor a solution to a problem. If one is looking for a quick and reasonably accurate decision model, the newsvendor model belongs in one's model "tool-kit."
